Mon. Not. R. Astron. Soc. 000, 000-000 (0000) Printed 5 February 2008 (MN I^TeX style file v2.2) 



ULTRACAM observations of SDSS J170213.26+322954.1 
an eclipsing cataclysmic variable in the period gap 

S.P. Littlefair\ V.S. Dhillon\ T. R. Marsh^, B.T. Gansicke^ 

^ Dept of Physics and Astronomy, University of Sheffield, S3 7RH, UK 
^ Dept of Physics, University of Warwick, Coventry, CV4 7AL, UK 



Accepted 2006 July 4. Received 2006 July 3; in original form 2006 April 13 



ABSTRACT 

We present high-speed, three-colour photometry of the echpsing cataclysmic variable 
SDSS J170213.26-f 322954.1 (hereafter SDSS J1702-)-3229). This system has an orbital 
period of 2.4 hours, placing it within the "period gap" for cataclysmic variables. We 
determine the system parameters via a parameterized model of the eclipse fitted to the 
observed light curve by minimization. We obtain a mass ratio oi q — 0.215 ± 0.015 
and an orbital inclination i = 82°.4±0°.4. The primary mass is = 0.94±0.01AfQ. 
The secondary mass and radius are found to be Aff = 0.20 ± O.OIA/q and = 
0.243 ± 0.013i?Q respectively. We find a distance to the system of 440 ± 30 pc, and 
an effective temperature for the secondary star of 3800 ± lOOK (corresponding to a 
spectral type of M0±0.5V). Both the distance and effective temperature are consistent 
with previous values derived via spectroscopy of the red star. 

The secondary star is significantly less massive than expected for the orbital pe- 
riod, and significantly warmer than expected for its mass. This can be explained if the 
secondary star is significantly evolved: the mass and effective temperature are consis- 
tent with a secondary star that began mass transfer with a greatly reduced central 
hydrogen fraction. The nature of the secondary star in SDSS J1702-I-3229 supports 
predictions that CVs with evolved secondary stars might be found accreting within 
the period gap. 

Key words: binaries: close - binaries: eclipsing - stars: dwarf novae - stars: individual: 
SDSSJ1702+3229 - novae, cataclysmic variables 



1 INTRODUCTION 

Cataclysmic variable stars (CVs) are a class of interacting 
binary system undergoing mass transfer via a gas stream and 
accretion disc from a Roche-lobe filling secondary to a white 
dwarf primary. A bright spot is formed at the intersection of 
the disc and gas stream, giving rise to an 'orbital hump' in 
the light cur ve at phases 0.6 —1.0 due to foreshortening of the 
bright-spot . IWarnerl 1^9^ gives a comprehensive review of 
CVs. The light curves of eclipsing CVs can be quite complex, 
with the accretion disc, white dwarf and bright-spot all being 
eclipsed in rapid succession. With sufficient time-resolution, 
however, this eclipse structure allows the syste m parameters 
to be determined to a high degree of accuracy iWood et alJ 
Il986l) . 

SDSS J1702-H3229 is a deeply eclipsing CV, first dis- 
cover ed through the Sloan digital sky survey dSzkodv et alJ 
|20o3). The spectrum is highly suggestive of a dwarf-nova 
type system, a fact confirmed by its recent outburst during 
which it exhibited 0.3 mag superhumps (VSNET alert 8715), 



placing it amongst the SU UMa sub-class of Dwarf Novae. 
The system is particularly worthy of study, as its orbital pe- 
riod of 2.4 hours places it squarely within the period gap. 
Furthermore, its deeply eclipsing nature allows accurate sys- 
tem parameters to be derived. As such, SDSS J1702-I-3229 
constitutes an excellent test of evolutionary models for CVs, 
which predict secondary star masses and radii for systems 
within the gap. 

In this paper we present ultracam u'g'r' lightcurves of 
SDSS J1702-f-3229, and use these lightcurves to derive the 
system parameters. The observations are described in sec- 
tion |21 the results are presented in section |3 and discussed 
in section 2] 



2 OBSERVATIONS 

On nights between Aug 11*'' 2005 and Aug 25*'' 2005, SDSS 
J1702-I-3229 was observed simult aneously in the SDSS-u 'q'r' 
colour bands using ultracam iDhillon fc MarshI 120011) on 
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Table 1. Journal of observations. Observing conditions were clear except for 25* Aug 2005, when thin cirrus was present. The dead-time 
between exposures was 0.025 s for all observations. The GPS timestamping on each data point is accurate to 50 fis. 



Date 


Start Phase 


End Phase 


Filters 


Exposure time (s) 


Data points 


Eclipses 


Seeing (arcsec) 


Airmass 


2005 Aug 11 


-0.24 


1.28 


u' g'r' 


1.62 


7922 


2 


0.6-2.5 


1.00-1.44 


2005 Aug 12 


9.80 


10.31 


u'gV 


1.62 


2709 


1 


0.6-0.8 


1.00-1.05 


2005 Aug 14 


29.86 


30.30 


u'gV 


1.62 


2335 


1 


0.6-1.2 


1.01-1.06 


2005 Aug 15 


39.72 


40.29 


«'gV 


1.62 


3040 


1 


0.7-1.2 


1.00-1.07 


2005 Aug 25 


139.65 


139.70 


«'gV 


1.62 


372 





0.6-1.2 


1.02-1.03 


2005 Aug 25 


139.70 


140.28 


u'gV 


2.46 


2013 


1 


0.7-1.2 


1.03-1.17 



Table 2. Mid-eclipse timings (HJD -|- 2 453594). The negativ e 
cycle timings are by-eye estimates from ISzkodv et al.l l2004l) . 

The uncertainties for the values measured from our eclipses are 
1.0x10-5. 



Cycle No. 



-7701 
-7700 
-7699 

1 
10 
30 
40 
140 



-770.341 ± 0.002 
-770.240 ± 0.002 
-770.140 ± 0.002 



0.39201 
0.49204 
1.39289 
3.39447 
4.39529 
14.40349 



0.39204 
0.49208 
1.39285 
3.39449 
4.39528 
14.40354 



0.39206 
0.49210 
1.39284 
3.39448 
4.39530 
14.40353 



the 4.2-m William Herschel Telescope (WHT) on La Palma. 
The observations were taken between airmasses of 1.0-1.4, 
in typical seeing conditions of 1.2 arcsecs, but with a range 
of 0.6-2.5 arcsecs. With the exception of the night of Aug 
25"' 2005, when thin cirrus was present, the data were taken 
in photometric conditions, albeit with heavy dust extinc- 
tion (~1 mag at zenith). Six eclipses were observed in total. 
Data reduction was carried out in a standard manner using 
the ULTRACA M pipeline reduction software, as described in 
iFeline et alJ l(2004.1 . and a nearby comparison star was used 
to correct the data for transparency variations. 
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Figure 1. The phase folded u'g'r' (from top to bottom) light 
curves of SDSS J1702. All six observed eclipses are shown super- 
imposed to emphasise the variability between them. 



3 RESULTS 

3.1 Orbital Ephemeris 

The times of white dwarf mid-ingress Twi and mid-egress 
Twe were determined by locating the minimum and maxi- 
mum times, respectively, of the Ught curve derivative. Mid- 
eclipse times, Tmid, were determined by assuming the white 
dwarf eclipse to be symmetric around phase zero and tak- 
ing Tmid ~ (Twc + T„i)/2. These mid eclipse times were 
comb ined with a by-eye estimate of the mid-eclipse times 
from ISzkodv et alj i2004l) , and a linear least-squares fit to 
the mid-eclipse times was used to deri ve the ephemer i s. The 
errors on the mid-eclipse times from ISzkodv et alj (|20o3) 
were estimated by-eye, and the errors on our mid-eclipse 
times were adjusted to give = li giving an ephemeris of: 



HJD = 2453594.39209 -I- 0.10008209 E. 

4 ± 9 



There was no evidence for a variation in O — C. This 
ephemeris was used to phase our data for the analysis which 
follows. 



3.2 Lightcurve morphology and variations 

Figure Q shows the six observed eclipses of SDSS J1702, 
folded on the orbital phase. The white dwarf ingress and 
egress features are clearly visible, as are the ing ress and 

Sress features of the bright spot (see chapter 2.6.2 of lWarne3 
95, for an illustrated example of an eclipse in a typical 
dwarf nova system). The eclipses are not total, and there 
is significant uneclipsed flux in the g' and r' bands, sug- 
gesting the secondary star contributes significantly at these 
wavelengths. There are significant drops in the amount of 
variability seen in the lightcurves at phases corresponding 
to the ingress of the bright spot, and the white dwarf. From 
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this we can conclude that there is substantial flickering from 
both the inner disc and the bright s pot. T his finding is con- 
sistent with the results of iBruchI (|200 flll , who found that 
the bright spot and inner disc were the most common sites 
of flickering in cataclysmic variables. There is some sugges- 
tion for variation in the shape of the orbital hump around 
phase 0.8. Such variability suggests a change in large-scale 
structure within the bright spot on a timescale of days. The 
eclipses also show changes in the flux levels and slopes be- 
tween phases 1.04-1.08, which is strong evidence for varying 
disc fluxes and brightness proflles. There is no evidence for 
variation in the size or duration of white dwarf egress, as 
might be expected if the white dwarf is surrounded by a 
boundary layer of varying thickness or flux. 

3.3 A parameterized model of the eclipse 

To determine the system parameters we used a physical 
model of the binary system to calculat e eclipse light curves 
for each of the various components. iFeline et al.l (|22q3) 
showed that this method gives a more robust determination 
of the system parameters in the presence of flickering than 
the derivative method of IWood et alJ lll98(i) . We used the 
technique developed bv lHorne et alJ l|l994h and described in 
detail therein. This model assumes that the eclipse is caused 
by the secondary star, which completely fills its Roche lobe. 
A few chang e s wer e necessary in order to make the model of 
iHorne et al.l (1 19941') suitable for our data. The most impor- 
tant of these was the fitting of the secondary flux, prompted 
by the detection of a significant amount of fiux from the 
secondary in the g' and r' bands. We fit the model to all the 
observed eclipses, which were phase-folded and binned into 
groups of 7 data points. 

The 10 parameters that control the shape of the light 
curve are as follows: 

(i) The mass ratio, q. 

(ii) The white dwarf eclipse phase full-width at half- 
depth, A<j!>. 

(iii) The outer disc radius, R^/a. 

(iv) The white dwarf limb-darkening coefficient, (7w. 

(v) The white dwarf radius, /a. 

(vi) The bright-spot scale, S/a. The bright-spot is mod- 
elled as a linear strip passing through the intersection of 
the gas stream and disc. The intensity distribution along 
this strip is given by {X/ S)'^e~'^^^ , where X is the distance 
along the strip. 

(vii) The bright-spot tilt angle, 6^, measured relative to 
the line joining the white dwarf and the secondary star. This 
allows adjustment of the phase of the orbital hump. 

(viii) The fraction of bright-spot light which is isotropic, 

fiso- 

(ix) The disc exponent, b, describing the power law of the 
radial intensity distribution of the disc. 

(x) A phase offset, (j>o. 

T he AMOEBA algorithm (downhill simplex; IPress et alJ 
Il98(l) was used to adjust selected parameters to find the 
best fit. A linear regression was used to scale the four light 
curves (for the white dwarf, bright-spot, accretion disc and 
secondary) to fit the observed light curves in each passband. 
The data were not good enough to determine the white 
dwarf limb-darkening coefficient, U^, accurately. To find an 



appropriate limb-darkening coefficient, we obtained an es- 
timate of the effective temperature and mass of the white 
dwarf from a first iteration of the method below, and as- 
suming a limb-darkening coefficient of 0.5. The mass and 
effective temperature was then used in conjunct ion with the 
stellar atmosphere code of lGansicke et all (Il99.4 l to generate 
angle-dependent white dwarf model spectra. To convert the 
spectra to observed fluxes the model spectra were folded 
through passbands corresponding to the instrumental re- 
sponse in each fllter; the effects of the SDSS fllter set, the 
ULTRACAM CCD responses and the dichroics used in the 
instrumental optics were taken into account. These fluxes 
were then flt as a function of the limb position in order to 
derive limb-darkening parameters for each band. The val- 
ues adopted are given in table |31 A second iteration using 
these values for the limb-darkening parameter gave the final 
values for each parameter. 

In order to estimate the errors on each parameter once 
the best fit had been found, we perturbed one parameter 
from its best fit value by an arbitrary amount (initially 5 
per cent) and re-optimised the rest of them (holding the 
parameter of interest, and any others originally kept con- 
stant, fixed). We then used a bisection method to deter- 
mine the perturbation necessary to increase by 1, i.e. 

— Xmin = ^X'^ = 1- The difference between the perturbed 
and b est-fit values of the pa rameter gave the relevant la 
error iLampton. Margon fc Bowver, 197^ . 

The results of the model fitting are given in table El and 
shown in figure |2| It is apparent that the model is a very 
good fit to the data during eclipse. In particular, the ingress 
and egress features are well modelled. Further confidence 
in the results of the fitting is provided by the consistency 
in fitted parameters between wavebands (for example, the 
white dwarf radius and eclipse phase width). However, the 
model is a poor fit to the data prior to eclipse. Given the 
large changes seen in this part of the lightcurve between dif- 
ferent eclipses (see figure^, this is unsurprising, but it may 
also refiect the simple nature of the disc and bright spot 
in our model. To limit the effects that the poor fit to pre- 
eclipse data may have on the resulting system parameters 
we excluded the regions shown in red (light grey) in figure|5| 
from the fit. The exclusion of these regions from the fit can 
have a small effect on the derived value of the mass ratio, 
q. In our model, constraints on the mass ratio arise from 
the position of bright spot ingress and egress, but also from 
the height of the bright-spot hump seen before eclipse, and 
the shape of the lightcurve at mid eclipse. The net effect is 
that the values for q derived from each band are marginally 
inconsistent, with a difference of around Aa. This inconsis- 
tency in q produces a corresponding uncertainty in i, which 
depends upon q and A0. In the analysis that follows we as- 
sume that the scatter in q between SDSS bands is indicative 
of the uncertainty in this parameter, and adopt values of 
q = 0.215 ± 0.01 and i = 82?4 ± 0?4, as shown in tabled 

We calculated the remain ing system p a ramet ers follow- 
ing the method described in iFeline et al.l l|20^). In brief, 
the white dwarf fluxes in table|H]are fitted using minimi- 
sa tion to white dwarf co lours from the model atmospheres 
of iBergeron et all (1199511 . co nverted to the SP SS system 
using the transformations of ISmith et alj ||20o3); this pro- 
vides an estimate of the white dwarf temperature. The white 
dwarf mass can then be derived using a white dwarf mass- 
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Table 3. Parameters fitted using a modified version of the model of lHorne et alJ ^^23)- The fluxes of each component are also shown. 
Prior to fitting, the data were phase-folded and binned by seven data points. Note that the orbital inclination i is not a fit parameter 
but is calculated using q and A4>. 



Band 


u' 


,/ 
y 




Inclination i 


82?0±0?1 


82?6 ± 0?1 


82?6±0?1 


Mass ratio q 


0.226 ± 0.002 


0.210 ±0.001 


0.209 ± 0.001 


Eclipse phase width Aij> 


0.0713 ±0.0001 


0.07126 ± 0.00003 


0.0711 ±0.0001 


Outer disc radius R^/a 


0.290 ± 0.003 


0.288 ±0.001 


0.293 ± 0.001 


White dwarf limb darkening f/w 


n 344 -1- 008 


267 + 008 


227 + 003 


White dwarf radius R^/a 


0.0095 ± 0.0007 


0.0096 ± 0.0001 


0.0088 ± 0.0006 


bright-spot scale S/a 


0.043 ± 0.001 


0.0338 ± 0.0004 


0.040 ± 0.001 


bright-spot orientation 9b 


161?4±0?6 


162?4±0?3 


161?4±0?7 


Isotropic fiux fraction fi^o 


0.36 ±0.01 


0.343 ± 0.003 


0.410 ±0.003 


Disc exponent b 


-1.1 ±0.1 


-1.1 ± 0.1 


-1.0±0.1 


Phase offset (f>Q 


57±3 X 10-5 


60±2 X 10^5 


57±2 X 10-5 


of fit 


866 


4634 


3555 


Number of datapoints v 


1268 


1268 


1268 


Flux (mjy) 
White dwarf 
Accretion disc 
Secondary 
bright-spot 


0.0690 ± 0.0010 
0.1191 ±0.0010 
0.0126 ± 0.0004 
0.1294 ±0.0007 


0.0960 ± 0.0003 
0.0877 ± 0.0004 
0.0203 ± 0.0001 
0.1418 ±0.0002 


0.0654 ± 0.0004 
0.1427 ±0.0005 
0.0629 ± 0.0002 
0.1379 ±0.0003 



radius relation, and the remaining system parameters are 
derived from the white dwarf mass and the results of the 
model fits. We u sed the Nauenberg mass-radius relation 
l)Nauenherelll972h . Because the Nauenberg relation applies 
to a cold, non-rotating white dwarf we applied a correc- 
tion to the mass-radius relation, appropriate for the white 
dwarf temperature derived above. The radius of the white 
dwarf at 10000 K i s about 5 per cent larger than for a cold 
(0 K) white dwarf (iKoester fc SchoenbernerlllQSSfl . To cor- 
rect from 10000 K to t he appropriate temperature, the white 
dwarf cooUng curves of lWoodI Jl995ft for M^/Mq = 1.0, the 
approximate mass given by the Nauenberg relation, were 
used. This gave a radial correction factor of 7.0 per cent. 
A distance to the system was derived by comparing the 
white dwarf fiu x es in table El and the predicted fluxes from 
iBergeron et alJ 1^9^; the uncertainty in the distance is 
dominated by the uncertainty in the white dwarf temper- 
ature. The derived distance of 440 ± 30 pc is c onsistent with 
the lo wer end of possible distances derived bv lSzkodv et alJ 
i2004ft of 460-650 pc. The latter estimate was obtained by 
assuming the secondary star contributes 100% of the red 
light in the system, and so we might expect the true dis- 
tance to lie towards the lower end of the range. 

In addition, we attempted to derive an effective temper- 
ature for the secondary star, by fitting the secondary star 
fiuxes to the colours of main-sequence stars. This method 
should be treated with caution, as the measured flux from 
the secondary star depends upon assumptions about the disc 
emission and bright-spot lightcurve. Indeed, comparison of 
the secondary star colours with the col ours of main-sequence 
stars in the SDSS photometric system iFukugita et alJlQQfit) 
showed that the u — g' colour was exceedingly blue for a 
main sequence star, given the g' — r' colour. Working under 
the assumption that the g' — r' colour is much less likely to 
be contaminated by disc and bright spot emission, we used 
minimisation to fit the g' — r' colour to the colours of 



Table 4. System parameters of SDSS J1702+3229 derived using 
the Nauenberg mass-radius relation corrected to the appropri- 
ate Tw. Ri is t he volume radius of the secondary's Roche lobe 
jEggletonl ll9'83). Except for the mass ratio and the inclination, 
which are discussed in section 13.31 the weighted means of the ap- 
propriate values from TableOare used for the system parameters. 



Inclination i 


82?4±0?4 


Mass ratio q = Mt/M-w 


0.215 ±0.015 


White dwarf mass M^/Mq 


0.94 ±0.01 


Secondary mass M-cIMq 


0.20 ±0.01 


White dwarf radius i?w / /Jq 


0.0091 ±0.0001 


Secondary radius Rr/ Rq 


0.243 ±0.013 


Separation a/RQ 


0.948 ± 0.005 


White dwarf radial velocity ifw/km s" ^ 


84 ±6 


Secondary radial velocity Ki/kui 


391 ± 1.0 


Outer disc radius R^/a 


0.290 ±0.001 


White dwarf temperature Tw/K 


17000 ± 500 


Secondary star temperature Tr/K 


3800 ± 100 


Distance d/pc 


440 ± 30 



main- sequence stars as catalogued bv lKenvon fc HartmanrJ 
1^9^. The effective temperature we derive agrees well with 
the spect ral type of M1.5± l derived from optical spec- 
troscopy iSzkodv et al.ll2004^ . giving us confidence that the 
temperature is correct. The final adopted system parameters 
are shown in table 2] 



4 DISCUSSION 

4.1 Superhump period excess and mass ratio 

On the 3'"'* Oct 2005, SDSS J1702+3229 entered its first 
recorded outburst (VSNET Alert 8709); On Oct 7*'', 0.3 
mag superhumps were observed, with a superhump period 
Psh of 0.1056 days (VSNET Alert 8715). The detection of 
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Orbital phase 

Figure 2. The phased folded u' g'r' (from top to bottom) Ught 
curves of SDSS J1702, fitted separately using the model described 
in section rc{.3l The data (black) are shown with the fit (red) over- 
laid and the residuals plotted below (black). Below are the sep- 
arate light curves of the white dwarf (blue), bright spot (green), 
accretion disc (purple) and the secondary star (orange). Data 
points neglected in the fit are shown in red (light grey). 



superhumps in this object is significant in the context of the 
well-established relationship between mass ratio and super- 
hump period excess, as very few systems are available to cal- 
ibrat e the relationship at high mass ratios jPatterson et all 

Eooi). 

From the reported superhump period and the orbital 



period reported in this paper we calculate a superhump pe- 
riod excess, e = 0.0551 ± 0.0005. This is entirely consis- 
tent with the e-q relationship established bv lPatterson et all 
(2005) which predicts e = 0.052 ± 0.005 for the mass ratio 
of SDSS J1702+3229. 



4.2 Evolutionary status of the secondary star 

Several independent theoretical studies predict the existence 
of a popul ation of CVs with sub s tantially evolved secondary 
stars (e.g BarafTe & Kolb 2000; Andronov fc Pinso nneaulti 
[2004; Schcnkcr ct al. 2002; Podsiadlo wski et al. ,200:j) . Un- 
der the disrupted magnetic braking model of CV evolution, 
the period gap is caused by a cessation of magnetic braking 
which occurs when the secondary star becomes fully convec- 
tive. The small central hydrogen abundance and higher cen- 
tral temperature of evolved stars imply lower radiative opac- 
ities; this naturally favours radiative transport. Sufficiently 
evolved secondary stars do not, therefore, become fully con- 
vective until they have evolved to shorter periods than the 
upper edge of the period gap. For sufficiently evolved sec- 
ondary s tars, the system can c ontinue accreting throughout 
the gap jBaraffe fc Kolbll2000l) . We might therefore expect 
that a sizeable proportion of CVs with periods inside the 
period gap would possess evolved secondary stars. 

Evidence that the secondary star in SDSS J1702-I-3229 
has undergone significant nuclear evolution comes from two 
independent lines of argument; the secondary star is both 
too warm and insufficiently massive to be an ordinary star, 
given its orbital period. In this paper, we find an efi^ec- 
tive temperature for the secondary star of 3800 ± 100 K, 
which agrees well w ith the reported spec tral type of M1.5±l, 
or 3600 ± 200 K iSzkodv et alJ l2004|). derived froin the 
TiO band spectral index derived bv llleid et al.l il995l) . An 
effective temperature of 3800 K is too warm for a non- 
evolved CV secondary star at an orbital period of 2.4 hours 
iBaraffe k, Kolbir2000l) . At periods of around 3 hours, a typ- 
ical spectral type is approximately M4 (c. f. U Gem and 
IP Peg), whereas a spect ral type of M l is more typical of 
periods near 5 hours fsee lSmith fc Dhillon 199a. for exam- 
ples) . On the other hand, the early spectral type is consistent 
with a secondary star which has undergone significant nu- 
clear evolution. From figure 3 ofjBaraffc & Kolb (2000), it is 
clear that the effective temperature of the secondary star in 
SDSS J1702-I-3229 is consistent with models of a secondary 
star that began mass transfer with a greatly reduced central 
hydrogen fraction. 

The mass of the secondary star at a given orbital period 
is also indicative of the evolutionary state; the secondary 
mass is, to first order, a simple function of the per iod and 
the mass-radius relationship fsee lHowell et al1l200ll for ex- 
ample) . The consequence of this is that an evolved secondary 
star will be under-massive for a given period, compared with 
the expected mass of a main-sequence secondary star. In 
fact, this is precisely what we observe; adopting the main- 
sequen ce mass-radius relationship of IChabrier fc Baraffel 
|l997f), we find the secondary star mass at a period of 2.4 
hours should be 0.25Mq. In this paper we find a secondary 
star mass of Mr = 0.20 ± O.OIMq, which is significantly 
lower than expected for a main sequence star. 

It is worth spending some time speculating upon the ori- 
gin and subsequent evolution of SDSS J1702-f 3229. Clearly 



6 



the secondary star has undergone significant nuclear evolu- 
tion; the requirement for this to happen within a Hubble 
time implies that the initial mass of the secondary should 
be greater than 0.8Mq. What happened to the system af- 
ter contact depends upon the secondary mass and upon the 
evolutionary state of the secondary at contact; for a primary 
mass of 0.94Mq, an initial secondary mass of 1.2Mq or less 
implies that mass transfer from a main se quence star wi ll 
be both thermally and dynamically stable (|Politanolll99(fl . 
However, if the secondary star had already left the main se- 
quence before contact, or was more massive than 1.2Mq, 
then the system would have undergone a phase of ther- 
mal timescale mass transfer. During this phase the orbit 
would shrink rapidly. Once mass transfer regained stability, 
the system would become recognisable as a CV at a much 
lower period. This channel raises the possibility that SDSS 
J1702-I-3229 might have emerged from thermal timescale 
mass transfer within the period gap. The accurate values 
of secondary mass, radius and effective temperature pre- 
sented here should allow detailed modelling to recover the 
evolutionary past of SDSS J1702+3229, however this is be- 
yond the scope of this paper. The future evolution of SDSS 
J1702-I-3229 depends sensitively on the evolutionary state 
of th e secondary star. However, comparison with the mod- 
els of IPodsiadlowski et alJ i2003ll suggests that the system 
will evolve below the observed "period-minimum" , and may 
even be a progenitor of an AM CVn system. 

4.3 Evolved secondary stars in CVs 

A small number of CV systems now show very strong evi- 
dence for the presence of an evolved secondary star; both 
QZ Ser and EI P sc have unusually hot se condaries for 
their orbital period l|Thorstensen et alJ002aibl) . and the sec- 
ondary star in EI P sc has a very large N/C abundance 
l)Gansicke et aliboO,?! ). Indeed, the period of EI Psc is sub- 
stantially below the period minimum, which is in prin- 
ciple only possible for an evolved secondary star. Given 
the difficulty in obtaining information about the secondary 
stars in CVs, it is at least plausible that systems with 
evolved secondary stars constitute a significant fraction of 
the CV population, although it is not yet possible to state 
whether the fraction is a s high as 10%, as suggested by 
IPodsiadlowski et al.l (jiooi). 

The existence of evolved secondaries amongst the cata- 
clysmic variable population, and the fact that such systems 
may not show a period gap provides a natural explanation 
for the non-magnetic CVs found within the gap. It is tempt- 
ing to speculate that most non-magnetic CVs within the pe- 
riod gap are explained by systems with evolved secondary 
stars. Given that the first such system which allows accu- 
rate determination of system parameters has an evolved sec- 
ondary there may be some support for this hypothesis. Fur- 
thermore, such a hypothesis might explain the large fraction 
of systems within the period gap which exhibit superhumps 
iKatvsheva fc PavlenkdliooSl : superhumping systems must 
have mass ratios below a critical value of approximately 0.3, 
and the undermassive secondary stars in evolved systems 
would increase the proportion of systems with mass ratios 
which are unstable to superhumps. 

We conclude that the secondary star in SDSS 
J1702-I-3229 shows evidence for significant nuclear evolution. 



The existence of a CV with an evolve d secondary within the 
period gap supports predictions (e.g. iBaraffe fc Kolbll2000h 
that CVs with evolved secondaries can continue accreting 
inside the period gap, and in some cases might show no pe- 
riod gap at all. 
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